Sesbania spp. showed the properties of a cross-inoculation group of plants. Rhizobia isolated from these legumes were all fast-growers and nodulate L. leucocephala, often effectively, and also many other tropical legumes, including Vigna sinensis (L.) Savi ex Hassk., which are usually nodulated effectively with slow-growing root-nodule bacteria. The taxonomic significance of the results is discussed.
sinensis and V. parniflora. An isolate from Leucaena nodulated Leucaena but failed to nodulate 17 different legumes belonging to the cowpea miscellany. Galli (1958) also showed nodulation of Leucaena only with a culture isolated from Leucaena which, however, failed to nodulate the other legumes tested including
Vigna sinensis.
This paper reports investigations into the specificity found in the RhizobiumLeucaena leucocephala symbiosis and the taxonomic significance of the results is discussed.
MATERIALS AND METHODS

Plant cultivation
Pretreatment of seed. The seeds of many tropical leguminous plants were found to germinate slowly and irregularly unless the testa was made permeable to water by treatment with concentrated sulphuric acid, hot water or scarification. Concentrated sulphuric acid was generally used, and after treatment the seed was washed with water until all traces of the acid was removed.
Method of growing large-seeded legumes. A modification by Norris (personal communication) of the bottle-jar assembly first developed by Leonard (1944) A. per litre of solution; 500 ml. of the nutrient solution was diluted 1 : 1 with deionized water and added to each assembly containing washed river sand. The assemblies were sterilized by autoclaving at 15 pounds pressure for 1 hr.
Seeds were surface-sterilized by treatment with 1/1,000 mercuric chloride for three minutes, followed by repeated washings with sterile water. Two seedlings were grown per assembly. The seedlings were inoculated by adding 1 ml. of a turbid suspension of the test culture to their bases. The petri dish covering the top of the assembly was removed, and sterilized dry gravel spread over the surface of the sand, to reduce chance contamination occurring through the top of the assembly.
Method of growing small-seeded legumes
The technique described below permits good differentiation between inoculated and uninoculated treatments. The plant tops were grown under natural conditions of aeration and light, which resulted in better growth than when plants were grown in tubes. Eight oz dispensing flat bottles were prepared with 2 gm. agar and 250 ml. of the nutrient solution described for 'bottle-jar' assemblies (undiluted) and 0-05 per cent K N 0 3 was added to the nutrient solution in the nitrate control bottles. The bottles were sterilized by autoclaving at 15 pounds pressure for 20 minutes, during which the agar melted and became evenly distributed throughout the fluid. When the bottles had cooled, hot liquid agar was used to bring the agar level to \ in. from the top of the bottle. A small hole was made in the agar to permit 1 ml. of inoculum to be added to the bottle without drowning the young seedlings. The bottles were wrapped with brown paper and stored with their caps screwed on ready for use.
Two sterile pre-germinated seedlings were planted aseptically at the surface of the agar, and the seedlings were then inoculated, after which a sterile 6 X 1 inch specimen tube was secured over the bottle opening with the aid of adhesive tape. The assembly remained on the laboratory bench for 2-3 days, with only normal laboratory lighting until the young seedlings protruded into the specimen tube, at which stage the tube was removed and sterile cotton wool was placed in the bottle opening, allowing the seedling stems to pass through. The plants were then grown in the glasshouse.
Source of Rhizobium strains
All New Guinea isolates (NGR) were isolated by the author; other Rhizobium strains were obtained from Australian organizations. All organisms were preserved by lyophylization and stored at 4°C.
Cross-inoculation studies
Nodule production on Leucaena leucocephala inoculated with root-nodule bacteria from the seven major cross-inoculation groups. Eighty-six strains of root-nodule bacteria, isolated from forty-five species of legumes, were tested for their ability to nodulate Leucaena. These cultures were also tested on Phaseolus lathyroides L. and/or Vigna sinensis for comparison with the reaction of Leucaena to inoculation. Norris (1956) found that P. lathyroides was sufficiently 'promiscuous' to serve as a convenient standard test plant for the cowpea group. Leucaena and P. lathyroides, grown in 8 oz bottles containing nutrient agar, permitted distinctions to be made between effective, partially effective and completely ineffective associations. Inoculation tests on Leucaena were made in triplicate, while tests on P. lathyroides and V. sinensis were made in duplicate. All cross-inoculation tests included six uninoculated and six inoculated controls of each legume V. sinensis, P. lathyroides and L. leucocephala. The Leucaena cultures were fast-growing rhizobia and often resembled the fast-growing rhizobia of temperate legumes such as Medicago sativa L. Representative cultures of Rhizobium meliloti, R. trifolii, R. leguminosarum, R. phaseoli, R. lupini and R. japonicum were tested, with three replications, for their ability to nodulate Leucaena. The infective ability of the various species of Rhizobium was checked by inoculating them onto a host from their own particular crossinoculation group. Uninoculated controls in triplicate were included for all plants.
Nodule production on tropical and temperate legumes by root-nodule bacteria isolated from
Leucaena leucocephala. This experiment was designed to indicate the 'host range' of isolates from Leucaena on tropical and temperate legumes, representing the major cross-inoculation groups. Three Leucaena root-nodule bacteria, NGR 8, NGR 63 and NGR 99 were selected, distinguishable from each other by their colony and microscopical characteristics. Controls were established for each legume, uninoculated and inoculated with known effective rhizobia. All treatments were replicated three times.
The identity of the Leucaena organism producing nodules on other legumes was confirmed, after re-isolation, by its ability effectively to nodulate Leucaena and by its distinguishing cultural characteristics. The Leucaena strains of Rhizobium are fast-growers (Trinick, 1965) which distinguishes them from the slowgrowing rhizobia of most tropical legumes. Culture NGR 99 produces a soluble brown-black pigment; NGR 8 produces a less intense pigment and NGR 63 does not produce this pigment.
Modulation of Vigna sinenis with root-nodule bacteria isolated from Leucaena leucocephala. Seventeen Leucaena root-nodule bacteria were inoculated onto V. sinensis, using organisms selected from widely separated localities and of many colony types. The cowpea type of rhizobium NGR 46, isolated from Crotalaria anagyroides H. B. and K., and NGR 199 isolated from Alysicarpus vaginalis (L.) D C , were included for comparison of the effectiveness of the Leucaena cultures. All treatments were in triplicate.
The identity of the Leucaena root-nodule bacteria producing nodules on V. sinensis was checked by cultural characteristics of the nodule symbionts and serological tests of both the nodule bacteroids (Date, 1962) and the nodule isolates.
Effectiveness ratings
Differences in growth rate and the amount of nitrogen fixed were so marked that visual growth rankings between treatments were considered adequate. An effective association (E) produced dark green healthy plants showing excellent growth, whereas partially effective associations (e) produced plants with lighter colour and restricted growth. Plants which were pale green, stunted and nodulated, resembling the uninoculated controls, were designated ineffective (I).
RESULTS
The times (in minutes) required for concentrated sulphuric acid to act on the testa of tropical leguminous seeds were as follows: Acacia farnesiana, 20; Calopo- Table 2 . Uninoculated controls remained free of nodules in all experiments reported in Tables 1 and 2. Leucaena was effectively nodulated by cultures isolated from Acacia farnesiana (L.) Willd., Mimosa invisa Mart, and Mimosa pudica L. and ineffectively by an isolate from Sesbania grandiflora L. Pers. These cultures were all fast-growing root-nodule bacteria, resembling in most cases the cultural morphology of Leucaena isolates. Leucaena was not nodulated by the slow-growing cowpea type rhizobia which represent the typical rhizobia of tropical legumes. The majority of the slow-growing rhizobia, which failed to nodulate Leucaena, effectively nodulated V. sinensis and/or P. lathyroides; the organisms NGR 137, NGR 73/1 and NGR 73/2 ineffectively nodulated these hosts although the cultures were effective on their own host. The results clearly illustrate the specific nature of the nodulation of Leucaena in contrast to the promiscuous nature of V. sinensis and P. lathyroides with the root-nodule bacteria tested.
The Leucaena cultures were fast-growing rhizobia and often resembled those of temperate legumes such as Medicago sativa, but the results recorded in Table 2 
E -Effective nodulation I -Completely ineffective nodulation
No nodules present H Plants grew poorly and distinctions of effectiveness were not possible.
show that Leucaena was not nodulated by the fast-growing cultures of temperate legumes that were tested, further illustrating the specificity found in Leucaena. The results of inoculating legumes from six cross-inoculation groups with the rhizobia isolated from Leucaena appear in Table 3 . All inoculated controls of the tropical legumes, medic and clovers were effectively nodulated except the tropical legume Canavalia ensiformis DC. The partially effective nodulation of peas, beans and lupins was probably due to the high glasshouse temperatures (Gibson, 1966) , or to some other unfavourable environmental condition of the experiment rather than to 'low grade' symbionts. Culture NGR 63 was successful in nodulating 19 species of plants, while NGR 8 nodulated 12 species and NGR 99 nodulated 13 species.
The nodulation caused by the rhizobia from Leucaena was completely ineffective in most, though not all cases. Culture NGR 63 effectively nodulated Mimosa invisa, while NGR 8 and NGR 99 produced ineffective nodulation. Vigna sinensis (L.) Savi ex Hassk. ssp. sesquipedalis (L.) van Eseltine and Acacia farnesiana were effectively nodulated with the three Leucaena cultures, and the efficiency of the associations (visual rating) was comparable with that of the inoculated controls. NGR 8 was partially effective on V. sinensis. It is noteworthy that legumes which previously were known only to nodulate with slow-growing rhizobia have nodulated (sometimes effectively) with fast-growing rhizobia.
The plant host determined the shape and external appearance of the nodule formed by the rhizobia from Leucaena. The nodules formed on V. sinensis and V. sinensis ssp. sesquipedalis were round, with rugged surfaces similar to nodules formed by the slow-growing rhizobia. The Leucaena type nodules normally formed on Acacia farnesiana were unchanged. Mimosa invisa inoculated with NGR 63 produced nodules typical of this host.
The ineffective nodules produced on the tropical legumes and Medicago sativa by Leucaena rhizobia appeared as small discrete nodules. The re-isolates of the Leucaena rhizobia from effective and ineffective associations resembled the original cultures in their colonial •characteristics and in their ability to nodulate Leucaena effectively. Confirmatory studies on the nodulation of Medicago sativa with Leucaena rhizobia were reported and discussed by Trinick (1965) .
The nodulation of V. sinensis by seventeen rhizobia isolated from Leucaena, and with two re-isolates of NGR 8 from pink nodules on V. sinensis, is recorded in Table 4 . All Leucaena rhizobia nodulated V. sinensis, the isolates NGR 8, NGR 14/1 and the re-isolates (V. sinensis) NGR 8/2, NGR 8/3 showing a degree of nitrogen fixation which was significantly better than the other Leucaena root-nodule bacteria, although nitrogen-fixing efficiency was less than with the cowpea type of rhizobia. The Leucaena rhizobia usually produces a mass of nodules (3-5 mm. diameter) scattered over the root system of the plant. Many of the nodules produced by the Leucaena rhizobia contained pink centres typical of effective nodules. The cultures NGR 7, NGR 43 and NGR 44 were exceptional, producing only a few ineffective nodules.
Serological tests of both the bacteroids and of the isolates from nodules col- 
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Symbiotic specificity in the Leucaena root-nodule bacteria has been clearly demonstrated by the plant failing to nodulate with 94 of the 99 strains of Rhizobium tested. It was nodulated, often effectively, in this study only by fast-growing rhizobia isolated from tropical legumes (Acacia farnesiana, Mimosa invisa, M. pudica and Sesbania grandiflora) which were considered by other investigators to belong to the cowpea group (Allen and Allen, 1936; Bowen, 1956; Carroll, 1934) . Leucaena was not nodulated with the fast-growing rhizobia representing R. meliloti, R. trifolii, R leguminosarum and R. phaseoli by Leucaena for its Rhizobium partner may be compared with the specificity which occurs with many temperate legume groups.
The fast-growing rhizobia isolated from Leucaena nodulated many tropical legumes, and in some cases the association appeared fully effective. The typical Rhizobium strains isolated from these tropical legumes (except those listed above) are the slow-growing 'cowpea' type, and the nodulation of these plants by fastgrowing organisms is of taxonomic interest. Norris (1965) stated 'Bacterial strains from the more advanced host group (i.e. plants with specialized Rhizobium partners) will be so altered that they will form no nodule association at all with the more primitive ancestral host types (i.e. tropical legumes which are promiscuous in their Rhizobium requirements). ' Johnson and Allen (1952) , however, reported the ineffective nodulation of V. sinensis with fast-growing strains of rhizobia isolated from Sesbania spp. This paper reports the nodulation of P. lathyroides and/or V. sinensis with fast-growing rhizobia isolated from Acacia famesiana, M. invisa and M. pudica and the nodulation of V. sinensis by Leucaena cultures with varying degrees of effectiveness. The fully effective nodulation of V. sinensis ssp. sesquipedalis by the fast-growing rhizobia from Leucaena shows that the Leucaena isolates are just as well suited to V. sinensis ssp. sesquipedalis as the typical slow-growing cowpea type of root-nodule bacteria. The evidence presented does not support the statement by Norris (1965) .
The nodulation of V. sinensis ineffectively, and of V. sinensis ssp. sesquipedalis effectively, by Leucaena rhizobia is an example of the difference in compatibility of the two host plants towards their bacterial partner. The difference in specificity of those two closely related plants, known to be promiscuous in their Rhizobium requirements, is surprising and demonstrates physiological differences between them. Taxonomic opinion of these two plants has differed, and until recently some botanists separated them at the varietal level, while others separated them at the species level. In this paper the hosts are designated Vigna sinensis (L.) Savi ex Hassk. and V. sinensis (L.) Savi ex Hassk. ssp. sesquipedalis (L.) van Eseltine on the advice of J. S. Womersley (personal communication).
A cross-inoculation group implies a group of plants in which the noduleforming bacteria are mutually interchangeable. The seven commonly accepted major cross-inoculation groups have received much attention, but the boundaries between these groups have become less well-defined with repeated reports of the nodulation of plants by bacteria isolated from plants belonging to other crossinoculation groups. The medic cross-inoculation group of plants has, except for the report of Wilson (1939) , remained a discrete group with its Rhizobium component (R. meliloti). The nodulation of Medicago saliva by the Leucaena fastgrowing rhizobia, which are also capable of nodulating tropical legumes of the cowpea group, shows that this 'discrete' group may share ineffective, and perhaps effective, relationships with a number of plants in the enormous numbers of legumes which still await investigation. Leucaena failed to nodulate with any of the rhizobia tested except strains isolated from Mimosa invisa, M. pudica, Acacia farnesiana and Sesbania grandiflora, though these associations were often effective; results which will be reported elsewhere show that the rhizobia from these legumes are capable of nodulating the other host members of this group. The classification of Leucaena into the 'cowpea' group, on the basis that its root-nodule bacteria nodulate V. sinensis or P. lathyroides, is unsatisfactory when consideration is given to the fact that typical slow-growing 'cowpea' type bacteria fail to nodulate it.
